Objectives: Intra-abdominal pressure (IAP) may contribute to pelvic floor health, although the direction and magnitude of such an effect, if any, are not yet known. Identifying individual characteristics, and in particular modifiable factors, associated with higher IAP during recovery from vaginal childbirth might serve to mitigate early pelvic floor dysfunction. The aim of this study was to identify characteristics associated with maximal IAP during lifting in postpartum primiparous women who delivered vaginally.
V aginal childbirth is the strongest known risk factor for developing the signs and symptoms of pelvic organ prolapse (POP) and for surgical repair. 1 ,2 Yet, most women deliver vaginally, and 1 in 5 women to 1 in 9 women will undergo POP surgery in her lifetime. [3] [4] [5] Using an integrated lifespan model, DeLancey et al 6 describe 3 life phases during which protective and deleterious factors that influence pelvic floor function occur: (1) developing optimal functional reserve during a woman's growth; (2) childbirth and in particular vaginal birth, in which variations of injury and recovery occur during and following delivery; and (3) deterioration that occurs with advancing age. 6 While many of these factors, such as genetics, are not modifiable, 1 factor frequently attributed to increasing the risk of POP may be intra-abdominal pressure (IAP). Occupations that involve heavy labor or heavy lifting appear to increase the risk of POP. 7 The association between occupational or recreational activities that increase IAP and POP is not yet fully established; yet, the American Urogynecologic Society, on its patient portal, recommends that women use their lower back or abdomen for heavy lifting, and use their leg and arm muscles as much as possible to prevent POP, 8 presumably in attempts to decrease the amount of force exerted on the pelvic floor. The Royal College of Obstetricians and Gynaecologists notes that avoiding heavy lifting and physical activity such as trampolining and high-impact activity may stop prolapse from becoming worse. 9 Patients with POP are often counseled to avoid heavy lifting or high-impact exercise; as Barber 10 points out, this is not supported by evidence, but because it offers little risk, it may be reasonable. Even more commonly, patients who have undergone pelvic surgery are advised to restrict many activities for varying durations. 11 Several researchers have questioned the validity of these recommendations, noting that IAPs during restricted activities are often less than those during unrestricted ones (such as getting up from a chair). [12] [13] [14] If IAP is found to be an established risk factor for POP, then it makes sense to attempt to decrease activities that raise IAP, as suggested by the American Urogynecologic Society, to the extent possible. In particular, it seems logical to do this during 1 particularly vulnerable time for the pelvic floor: the postpartum period following vaginal childbirth. Lifting is an example of an activity that increases IAP 11, 13 but is largely unavoidable for new mothers who must lift and transfer their babies. Lifting a baby in a car seat is a particularly strenuous task for many women. Compared with walking while carrying a 13.6-kg load (similar to that of a 3-month-old in a car seat) in a backpack, carrying the load as one must for a car seat significantly increased IAP (mean, 55.5 [SD, 11.4] O for carrying in front of the body; P < 0.0001). 15 We hypothesized that there might be modifiable factors associated with IAP generated during this largely unavoidable postpartum activity. Thus, the aim of this study was to identify individual characteristics associated with maximal IAP during lifting a weighted car seat in primiparous women who delivered vaginally 6 to 10 weeks postpartum.
METHODS
This is an observational ancillary study that includes participants drawn from an ongoing prospective cohort study, which enrolls nulliparous women during the third trimester and follows those who deliver vaginally for 1 year postpartum. In addition to subsequently excluding women who delivered by cesarean, we also excluded those who delivered before 37 weeks' gestation. Complete methods of the parent study are described elsewhere. 16 The aims of the parent study that investigate IAP as a risk factor include to determine whether IAP measured at 6 to 10 weeks postpartum during lifting and abdominal muscle endurance testing predicts pelvic floor support and symptoms 1 year postpartum and whether measures of muscular fitness (abdominal muscle endurance, pelvic floor muscle strength, and grip strength) will modify the effect of IAP during lifting on pelvic floor support at 1 year postpartum. The current study was conducted at 4 sites in the Salt Lake Valley. The study was approved by the relevant institutional review boards, and all participants completed written informed consent. For the current study, we examined data from the first 206 women to complete the 6-to 10-week postpartum study visit before November 16, 2016 .
During the 6-to 10-week postpartum study visit, height and weight were assessed with women dressed in light clothing without shoes by medical scale and wall stadiometer. Height and weight were used to calculate body mass index (BMI, in kilograms per meter squared). Weight gain during pregnancy was obtained by subtracting the last recorded weight prior to delivery from the self-report of prepregnancy weight. Waist circumference was measured (in centimeters) at the natural waist. As per American College of Sports Medicine's guidelines, the mean of 2 trials was recorded. 17 Intra-abdominal pressure was measured using a vaginal sensor system developed and validated by our group. 18, 19 The sensor was inserted into the upper third of the vagina by a trained clinical coordinator. With the sensor in place, women lifted a car seat that weighed 6.8 kg (based on weight of top-selling car seats at the time of study planning) with a 5.7-kg added "infant" weight (based on the 50th percentile for weight in boys at 10 weeks in the United States 20 ), for a total weight of 12.5 kg. Women lifted the car seat 3 times. Using a previously described peak measurement algorithm, given that pressure tracings for the 3-lift activity consistently produced 4 to 7 peaks, mean maximal IAP was reported as average of the 5 highest "peaks" recorded during the lifting task that were at least 1 second apart. 21 Clinical coordinators observed and, guided by line drawings delineating lifting techniques, noted whether women lifted with flexed knees, straight knees, or something in between for each lift. Women reported whether breath holding occurred during each lift. We did not instruct women on how to lift or breathe, as we were interested in measuring IAP during their usual method of lifting. The standing resting pressure was calculated by averaging pressure during a 10-second period during which women were standing without movement.
Women completed an abdominal muscle endurance test as a measure of muscular fitness. 22 While seated on an examination table with hips and knees flexed to 90 degrees and feet secured, women were asked to sustain an isometric abdominal contraction for as long as possible while maintaining a 60-degree angle with reference to the table as guided by a wedge positioning device. The hold time during this test was used as the measure of abdominal endurance. We evaluated pelvic muscle strength using the Brink scale. 23 The primary outcome evaluated was mean maximal IAP during lifting. We considered factors that were biologically plausible in terms of contributing to IAP variability during lifting and included those related to increased force on the pelvic floor, muscular fitness, distance/moment, and technique of lifting. Thus, we assessed whether the following independent variables were associated with the primary outcome: BMI, height (as measure of distance/moment), abdominal circumference, weight gain during pregnancy, pelvic floor muscle strength, abdominal muscle endurance, time to complete the lifting task, breath holding during lifting, and lifting technique (bent vs straight knees).
Statistical Analysis
In order to achieve 90% power to detect an R 2 of 0.20 attributed to 20 independent variable(s) using an F test with a significance level (α) of 0.05, we would require a minimum sample size of 122 participants. The next frozen data file after this a priori calculation contained 206 participants, which resulted in a minimum detectable R 2 of 0.12. Summary statistics (mean/SD and frequency count and percentage) were first calculated for all relevant variables. We first fit univariate linear regression of the mean maximal IAP during lifting on all the potential predictors and then placed those predictors that were significant at the 0.20 level into a multivariable linear regression model. For each of the continuous predictors, a penalized B-spline curve was also plotted to examine the linear relationship between the predictor and mean maximal IAP during lifting. A stepwise variable selection process was then carried out to find the final model with statistical and clinical significant predictors. Collinearity was checked via Pearson correlation coefficient between groups of variables that measured similar outcomes.
RESULTS
The mean age of the 206 participants was 27.38 (SD, 5.00) years. Forty-four (21.36%) were of Hispanic ethnicity. Participant characteristics are summarized in Table 1 .
The distribution of mean maximal IAP during lifting is shown in Figure 1 .
While lifting the loaded car seat, most women maintained their legs in a relatively straight position (95 [46.12%]) during at least 2 of the 3 lifts, whereas 59 (28.64%) bent their legs throughout the lift, and 52 (25.24%) lifted with their legs in between straight and bent. Seventy (34.31%) reported holding their breath during the last lift, whereas 134 (65.69%) did not hold their breath (2 did not respond to this question).
Weight, waist circumference, and BMI were positively associated with mean maximal IAP during lifting, whereas IAP decreased as height increased. Weight gain during pregnancy was not associated with mean maximal IAP during lifting (1 influential outlier who lost 11.6 kg during pregnancy was removed from this analysis). As the duration of the lifting task increased, mean maximal IAP during lifting also increased, but there were no associations between leg position or breath holding during lifting and IAP. Intra-abdominal pressure also increased slightly as the number of days since delivery increased. Neither pelvic floor muscle strength nor abdominal muscle endurance was associated with IAP during lifting. Associations between mean maximal IAP during lifting and factors assessed are summarized in Table 2 based on univariate analysis.
In addition, standing IAP was, as expected, positively associated with IAP during lifting. Standing IAP was also associated with weight (P = 0.021), waist circumference (P = 0.003), and BMI (P = 0.010) but not height (P = 0.99).
As anticipated, the 3 measures of body composition were highly correlated, with Pearson correlation coefficients as follows: BMI and weight, r = 0.899; BMI and waist circumference, r = 0.873; weight and waist circumference, r = 0.845. There were positive but weak correlations between these measures and IAP. For IAP during lifting and standing, respectively, correlation coefficients were 0.21 and 0.18 for BMI, 0.13 and 0.16 for weight, and 0.20 and 0.21 for waist circumference. Height was, as noted, negatively correlated with IAP during lifting (r = −0.15) but was not correlated with IAP during standing (r < 0.01).
Given the collinearity between the measures of body composition, we constructed separate final linear regression models for each of weight and waist circumference, controlled for lifting task duration, days since delivery, and height in each model. We did not include standing IAP, given that it is contained within lifting IAP; that is, lifting IAP includes standing IAP, and the additional net IAP required for the task. In models with weight and waist circumference, lifting task duration, height, days since delivery, and each measure of body habitus remained significantly associated with IAP during lifting, with similar effect sizes in each model (Table 3) .
DISCUSSION
This observational study is the first of its kind evaluating factors that may affect IAP specifically in the early postpartum period. In this cohort, we observed that measures of body habitus such as weight, BMI, and waist circumference all had a positive association with maximum IAP during lifting, but the correlations were weak. This finding is consistent with correlations reported by others between weight and IAP measured by various means in different settings. [24] [25] [26] [27] [28] We did not find an association between IAP during lifting and gestational weight gain. While the final pregnancy weight was obtained from the medical record at the prenatal visit preceding delivery, the recalled prepregnancy weight was provided by women at their first prenatal visit. Given that women tend to underreport their prepregnancy weight, it is possible that some bias exists in our measures of association pertaining to gestational weight gain. However, according to a recent systematic review, the correlation between self-reported prepregnancy weight, when reported within 1 year after the onset of pregnancy, and measured prepregnancy weight is high (r = 0.90-0.99). *Age at study enrollment in the third trimester; remaining variables at 8-week postpartum study visit; weight gain during pregnancy reflects difference between last recorded weight at antenatal clinical visit and self-reported prepregnancy weight.
†Two influential outliers were removed whose time from delivery was beyond the study visit window, at 92 and 113 days. ‡Measured according to Brink scale, with possible range of 3 (poor strength) to 12 (excellent strength).
Female
We were surprised that factors that we would hypothesize to affect IAP such as lifting technique and breath holding did not seem to affect IAP. In healthy nonpregnant adults, breath control, although not posture, affected IAP during dynamic weight lifting. 30 It is possible that childbirth may reset the factors that lead to variability in IAP; that is, the muscles and connective tissues that are altered as a result of childbirth at 6 to 10 weeks postpartum may not be representative of a "normal" physiological state, leading to different relationships between IAP and factors analyzed than might be seen in other populations. Indeed, the muscles and connective tissue of the abdomen, back, and pelvic floor that are recovering after childbirth are precisely the structures that are recruited to increase IAP for postural bracing. 31 The finding that IAP increased as time interval since birth increased supports abdominal wall and pelvic floor recovery. Over the short 5-week time period over which the study visits took place, IAP increased by approximately 6 to 7 cm H 2 O (0.16 cm H 2 O per extra day since delivery). While this increase is small, it is consistent with an increased ability to generate IAP as the muscles and connective tissue gain strength in the weeks to months after childbirth. Given that a modest amount of abdominal strength training can significantly increase a person's ability to generate intraabdominal pressure, 32 it is reasonable to attribute a gradual increase in IAP during lifting with longer time since delivery to improved function of the abdominal wall, spine, and pelvic floor muscles and connective tissue.
While a possible explanation for the increase in IAP associated with duration of the lifting task might be that women who were less fit took longer to lift and also had higher IAP, muscular (Table 2) . Thus, given the unclear relevance of this detected association, we do not at this point recommend interventions to decrease lifting time.
The negative relationship between height and mean maximal IAP during lifting is intriguing and appears to not be previously reported. It is possible that height affects the length of the torso and therefore the pressure distribution on the pelvic floor. However, we found no association between height and mean IAP during standing at rest. Functionally, taller women in our study may have been more likely than shorter women to flex at the knees in order to grasp the car seat prior to lifting. Yet, our observation of lifting technique was not associated with IAP during lifting.
The large number in this cohort of women in the early postpartum period is novel and a strength of this study. Our adherence to scripted activity at a set weight limited confounding variables such as fatigue with task. The IAP findings reported are limited to a short time point and not generalizable to all daily activities; it is possible that associations differ with repeated lifting throughout the day. It is also possible that IAP might have differed had we instructed women on exactly how to lift, rather than asking them to lift according to their usual practice. In addition, lifting technique could have broader implications than simply IAP and may impact lumbar strain and other musculoskeletal health outcomes.
We again confirmed the highly interindividual variability of mean maximal IAP. While care should always be taken before generalizing observations to a larger population, aside from body habitus, we were not able to find modifiable factors that could mitigate maximal pressures experienced by the pelvic floor during the early postpartum period. Results from the parent research study (anticipated completion 2019-2020) will provide information about various factors, including IAP, predictive of pelvic floor health 1 year postpartum. If IAP is found to be either helpful or harmful, future intervention studies will be indicated to determine whether this effect can be mitigated or promoted.
